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Japanes Patent Provisional Publication No. 60-250r,57/1985 

specification 

5 1. TITLE OP THE INVENTION 
Sealed Alkaline Battery 

2. WHAT IS CLAIMED IS: 

(1) A sealed alkaline battery comprising a negative 
10 electrode, comprising a hydrogen storage alloy expressed by 

the formula LaNi.COyM, (where M is at least r.ne element 
selected from the group consisting of Al f Sn, Mg, Fe, Mo, Ta, 
V, cr, Cu, Mn, and Nb, 1.5 < x < 4.0, O^z^l, 3 < x + y < 
5.5, and 4 < x + y + z < 5.5); a positive electrode; a 
15 separator; and an alkaline electrolyte. 

(2) The sealed alkaline battery according to Claim 1, 
wherein x+y+2=5in said formula. 

(3) The sealed alkaline battery according to Claim 2, 
wherein said alloy is expressed by La^LaCOi.yAlo.s, 

20 LaNi 2 .7Co 2 .oAlo. 3 or LaNi 3 Co 2 . 

3. DETAILED DESCRIPTION OF THE INVENTION 
Field of the Industrial Application 

This invention relates to a sealed alkaline battery 
25 comprising a negative electrode of a hydrogen storage alloy, 

1 
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„ h«^rrtrten electrochemical J.y- 
Which stores and releases hydrogen eie 

prior Art and problems Thereof 

Although a lead battery and a nicKel-cadmium battery 
5 are the most well-Known types o £ secondary batte,ies. since 
th ese batteries contain a solid active substa,.ce in the 
native electrode, they are comparatively low in the energy 
storage capacity per unit weight or volume. A battery 

,„,„ electrode as the negative 
comprising a hydrogen storage electrode 

XO electrode and, tor example, a nicKel oxide as the positive 

electrode, has been proposed for proving the energy storage 

capacity. A hydrogen storage alloy such as an L a»i alloy and 

Ca-Hi alloy is used as the negative electrode. This battery 

system can realise higher capacity than nic *el-c,dmium 

15 batteries and is expected as a low-pollution battery. 

When the ca»i s alloy, a typical example of the Ca-Hi 

alX oy, is used in an electrode, the cost is low and the 

initial capacity is high. However, ther. are the 

disadvantages of short cycle lire and low discharge voltage. 

on the other hand, when the LaBi s alloy, a typical 

example of the La-Hi alloy, is used, the cycle life therefor 

is better than that for the CaHi, alloy. However, there is 

the problem of low discharge capacity around room temperature. 

furthermore, when a sealed battery is formed, the internal 

25 battery pressure is not raised by overcharging in the initial 



2 
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charge/discharge cycle, but is raised gradually « or after 
abo ut the 10th charge/discharge cycle „ith the discharge 

capacity also dropping. 

M an improved replacement for MSia, ..a.-^-A 
(M nere R is Ca, Th. or a rare earth metal, M is Co. C or Fe, 

„ < , < i, and o S y S i) i- i— e*°e° sed < J <* a " es ' 
provisional plication No. 51-45234/1*76). When this alloy 
is used, a comparatively high discharge voltage and discharge 
capacity are exhibited. However, a sealed battery has 
problems that the internal battery pressure rises and the 
cycle life becomes relatively short by the overcharging cycle. 



Purpose of the Invention 

The purpose of this invention is to resolvs the above 
15 problem for the prior art and to provide a sealed .Italia. 
battery having a lowered increase of the internal battery 
pressure by overcharging. 



Construction of the invention 

According to this invention, a sealed alkaline battery 
comprises a negative electrode of a hydrogen storage alloy 
expressed by the formula 
LaNixCOyM* 
wherein 

a a<^<1 3 < X + V < 5.5, 4 < X + y + z 
3 



20 



25 
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< 5.5, and M is at least one element selected from the 
group consisting of Al, Sn, Mg, Fe, Mo, Ta, V, Cr, Cu, 
Mn, and Nb, 

and a positive electrode disposed across a separator, 
5 these components being arranged in a sealed structure along 
with an alkaline electrolyte. 

Examples of the preferred Embodiments 

in addition to commercially available La (of a purity 
10 of 99.5% or more), Hi and Co, at least one element was 
selected from the group consisting of Al, Sn, Mg, Fe, Mo, Ta, 
V, Cr, Cu, Mn, and Nb as M in the above formula. The 
respective samples were weighed and mixed to predetermined 
composition ratios and placed in an arc meltiig furnace. 
15 After the evacuation to 1CT 4 to 10" 5 Torr, arc discharge was 
performed under a reduced pressure of Ar gas atmosphere to 
heat and melt the samples. The samples were made, uniform by 
rotating them a few tines so as to yield allay samples. 
LaNi 5 and La^Cao.iNi^Coo.s alloys were used for comparison. 
20 After each of these alloys was coarsely pulverized, it was 
pulverized into a fine powder of 38um or less by .1 ball mill, 
etc. it was mixed with 7.5% by weight of polyethylene. Each 

of these mixed powders was filled along with alcohol in 
foamed metal porous bodies of nickel, and after being dried, 
25 compressed at a pressure of 1.8 ton/cm 2 , heat treated at 

4 
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120°C in vacuum, and made into an electrode by att achment of 
a lead* 

The alloy compositions for electrodes us 3d in the 
examples are shown in the Table. 
5 Having approximately 15g of alloy in each electrode, a 

size AA sealed niclcel-hydrogen storage batter/ (nominal 
capacity: 2.0Ah) was formed by coining with a known 
sintered nickel positive electrode. m order to make the 
battery positive electrode governing, the capacity of the 
10 positive electrode was made smaller than that of the negative 
electrode - 

These batteries were charged for 16 hours at 0.1C and 
subject to repeated charging/discharging in which charging at 
0.2C was performed to evaluate the cycle life and internal 
15 battery pressure. The results are shown in the Table. 



i 
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Electrode 
No. 



Composition 
formula 



LaNis 



2 

T 



6 

T 



10 



11 



12 



Lao9Cao.lNl4.5COo. 5 



LaNi 2 .7C02Alo,3 



Number of 
cycles 
(00) 



Battery pressure 
at the firal 
stage of charging 



50 



150 or more 



200 or more 



LaNisCOLiAlo.a 



LaNi3. 5 CoAlo.5 



LaNi 3 Co 2 



LaNisCoi.vSHo^a 



LaNi 3 Coi.7Mgo.3 



LaNi3CO!. 7 Feo.3 



LaNi 3 Co t . 7 Fe 0 . 3MO0 r 
1 



200 or more 



200 or more 



200 or more 



200 or more 



200 or more 



200 or more 



LaNi 3 Co 1 . 7Ta 0 ^Vo 1 3 L 



LaNi3Co2Cr 0 .3 



13 



14 



LaNi3Co 2 Mno.i 



LaNi 2 Co 2 Ali.2 



200 or more 



200 or more 



200 or more 



200 or more 



150 



(kg /car) 



10 or fuore 



10 or more 



2.:t 



2.'> 



6.0 



4- > 

"IT 3" 



5.3 



4. : > 



4.5 



3.5 



5-8 



9*0 or more 



M can be understood from the Table, according to a 
battery with an electrode 1 comprising a MHi, alloy, the 

5 internal battery pressure at the beginnin, of the 
charge/discharge cycle takes on low value of 3.5K„/cm=. «hen 
50 cycles are reached, however, the discharge capacity drops 
significantly and becomes approximately one third the initial 
capacity and the eternal battery pressure rises to lOka/cm' 

10 or more by the severe 6vercharging. 

According to a battery with electrode 2, ^though an 
internal battery pressure ox 2. 5 Kg/cm> is exhibited up to 50 
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cycles of charging/discharging and comparatively good 
characteristics are exhibited initially, the internal battery 
pressure tends to rise rapidly beyond 100 cycles of 
charging/discharging- At 150 cycles, the internal battery 
5 pressure became 10kg/cm 2 or more and the discharce capacity 
was lowered in the same manner of LaNig. 

On the other hand, according to batteries of this 
invention with electrodes 3 to 13, redaction of th-, discharge 
capacity is comparatively low even when 200 cycles of 
10 charging/discharging have been continued and the internal 
battery pressure at the final stage of charging is only 
approximately 2.5 to 6.0 kg/cm 2 . Electrode 14 is an example 
in which the alloy keeping z in the above formula greater 
than 1 is used. According to Electrode 14, the cy^le life is 
15 short and the internal battery pressure is also higher than 
those of the other batteries. Thus, z being 1 or less excels, 
wnen z = 0, that is, in the case of LaNi 3 Co 2 , etc., though 
the cycle life is long, there is a tendency for the internal 
battery pressure to rise somewhat. Thus, the metal M has the 
20 effect of restraining the rise of the internal battery 
pressure. Among the metals M, Al has higher effect of 
restraining the rise of the internal battery pressure than 
the other Petals. After Al, comparatively high effects are 
also seen with Cr, Ta, V, Mg, Sn, Mo, Mn, etc. 
25 Also, when there is 1 or less atoms of Ni in the alloy, 



7 
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the amount of CO obviously increases, exhibiting the 
of the discharge voltage of the battery as weU as the 
partial dissolution of Co. On the other hand, whs* there are 
« or .ore ato*s of 1, the amount of Co decreases, exhibits 
3 the similar properties to those of Thus, ... -celled 

sealed airline battery is not provided. Hence. 1» regard to 

* i * * < 4 is optimal, as the 
the value of *, the range of U < * < 1 1 

metal M , a ,etal that functions to lower th„ hydrogen 

equilibrium pressure is preferable. 

According to the battery of this invention w,ich use, a 

hy drogen storage electrode, the process in which the oxygen 
ga5 generated fro, the positive electee reacts 
el ectrochemicall y with the hydrogen contained in t:>e negative 
elec trode at the surface of the negative electee so as to 

reoeated. Thus, the rise of internal 
15 yield water, is repeated. 

pressure is low. Moreover, it is desired so that only 
nydrogen and oxygen react with priority at the surface of the 
negative electrode. A durable alloy negative electrode which 
U not corroded by oxygen is also provided. The amount of »i 
„ in the alloy is preferably set fro™ 1.5 atone to 4 atous and 

* .kiv qpt to 1 atom or more, 
the amount of Co is preferably set 

4- n-f m is set to 1 atom or less, and 
Furthermore, the amount of M is set t 

laSi.Co.M, paving the range of 4 < x * Y 
excellent. » particular, an alloy composition having x + y 
25 t , - 5 and especially, ^o,,U.., LaNi,,C 0l .Al,,.,, etc. 



8 
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15 



are excellent. in regard to an LaNi«Co y alloy, LaNi 3 Co 2 
exhibits comparatively excellent properties. 

B y decreasing the amount of HI atoms in the alloy, the 
hydrogen storage performance can be improved- By increasing 
the amount of Co atoms in the alloy, the cycle J if e can be 
^proved and the rise of internal pressure can be restrained. 
By the presence of metal M and others, the durability can be 
increased significantly. Thus, the performance of the battery 
can be enhanced as a whole. 

Effect of the Invention 

as has been described above, according to this 
invention, a highly reliable sealed alkaline battery, being 
excellent in charging /discharging cycle life and low in the 
rise of internal battery pressure by overcharging, can be 
provided- 

name of Representative: Toshio Nakao, patent attorney, and 1 
other . 
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Claim 

1 . The sealed alkaline storage batteries contain a negative electrode made of 
hydrogen-occluding alloys which can be represented by the formula LaNi x Co y M z (wherein M is 
at least one metal selected from the group consisting of Al, Sn, Mg, Fe, Mo, Ta, V, Cr, Cu, Mn, 
andNb, 1.5 < x < 4.0, 0 < z <1, 3 <x + y < 5.5, and 4 <x + y + z < 5.5), apositive electrode, a 
separator, and an alkaline electrolytic solution. 

2. In the sealed alkaline storage batteries described in Claim l,x + y + z = 5inthe 
above-mentioned formula. 

3. In the sealed alkaline storage batteries described in Claim 2, the above-mentioned 
alloys include LaNi 3 Coi. 7 Alo.3, LaNi^Co^oAloj, or LaNi 3 Co 2 . 

- Detailed explanation of the invention 

The present invention pertains to sealed alkaline storage batteries containing 
hydrogen-occluding alloys as negative electrodes which can electrochemically occlude and 
release hydrogen. 

Constitution of conventional sealed alkaline storage batteries and their problems 

Lead storage batteries and nickel-cadmium storage batteries are the most well-known 
secondary batteries. However, in these storage batteries the negative electrodes contain solid 
active materials, therefore the energy storage capacity per unit weight or volume is relatively 
small. Storage batteries were proposed which used hydrogen-occluding electrodes as the negative 
electrodes for improving the energy storage capacity and positive electrodes made of, for 
example, nickel oxides, and for the negative electrodes, LaNi and Ca-Ni alloys are used. The 
energy storage capacity of these batteries can have higher capacity than nickel-cadmium storage 
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batteries, therefore they are expected to be storage batteries with less environmental pollution 
than nickel-cadmium storage batteries. 

When CaNi 5 alloy, which is a representative of Ca-Ni alloys, is used as an electrode, it is 
inexpensive and its initial capacity is large, however, there are drawbacks which include a short 
cycle life and low discharge electric potential. 

On the other hand, when LaNi 5 alloy, which is a representative of La-Ni alloys, is used as 
a negative electrode, the cycle life is better than when CaNi 5 alloy is used, however, there is a 
problem of small discharge capacity in the vicinity of room temperature. Furthermore when a 
sealed storage battery is constituted, in the initial-stage discharge-charge cycle, the internal 
pressure of the battery does not rise by overcharging, but by approximately 10 discharge-charge 
cycles the internal pressure of the battery rises slowly and the discharge capacity drops also. 

And for the improvement of LaNis, the use of Lai. x RxNi 5 .yM y (wherein R is Ca, Th, or a 
rare earth element, M is Co, Cu or Fe, 0 < x < 1 . 0 < y < 1) was proposed (Japanese Kokai Patent 
No.: Sho 51 [1976]-45234). When this alloy was used, relatively high discharge electric potential 
and discharge capacity can be exhibited, however, in a sealed battery both the overcharge cycle 
and the internal pressure of the battery rise and the cycle life is relatively shortened, which are 
problems. 

Object of the invention 

The object of the present invention to eliminate the above-mentioned conventional 
problems and especially to obtain sealed alkaline storage batteries in which the rise of internal 
pressure due to overcharge is small. 

Constitution of the invention 

The sealed alkaline storage batteries of the present invention use hydrogen-occluding 
alloys which can be represented by the formula LaNi x COyM z (wherein 1 .5 < x < 4.0, 0 < z <1 , 3 < 
x + y < 5.5, and4<x + y + z< 5.5, M is at least one metal selected from the group consisting of 
Al, Sn, Mg, Fe, Mo, Ta, V, Cr, Cu, Mn, and Nb) as a negative electrode, a positive electrode, a 
separator between the negative electrode and the positive electrode, and an alkaline electrolytic 
solution. 

Explanation of application examples 

In addition to La (at least 99.5 % pure), Ni, and Co which were sold on the market, at 
least one metal selected from the group consisting of Al, Sn, Mg, Fe, Mo, Ta, V, Cr, Cu, Mn, and 
Nb was used, and each of the metal samples was weighed to have a specified composition, then 
they were mixed and put in an arc melting furnace, the inside of the furnace was evacuated to a 
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vacuum of 10" 4 - 10" 5 torr, then arc discharge was carried out in a reduced-pressure Ar gas 
atmosphere to dissolve them by heating. To obtain a homogeneous sample, the mixture of the 
metals was inverted several times to obtain an alloy sample. For comparison, LaNis and 
Lao.9Cao.|Ni4.5Coo.5 alloys were used. After these alloys were coarsely pulverized, they were 
ground to fine powder by a ball mill to a particle size 38 \xm or less, then they were mixed with 
7.5 % by weight of polyethylene. These mixed powders and alcohol were filled in a foamed 
porous nickel and after drying, it was compressed with a pressure of 1 .8 tons/cm 3 , then heated at 
120°C in vacuo, then a lead was mounted to create an electrode. 

The composition of alloys which were used as electrodes in Application Examples is 
shown in the following table. 

The alloy content of each electrode was approximately 15 g, and by combination with a 
well-known sintered nickel positive electrode, a sealed nickel-hydrogen storage battery (nominal 
capacity 2.0 Ah) was obtained. The capacity of the positive electrode was made smaller than that 
of the negative electrode. 

These batteries were charged at 0.1 C for 16 hours, and discharge and charge to 0.26 was 
repeated to investigate the cycle life and the internal pressure of the batteries. The results are 
shown in the following table. 
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Key: 1 Electrode No. 

2 Composition formula 

3 Cycle number 

4 Battery pressure at the last stage of charging 

5 Or greater 
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From the table it is clear that for the battery using the electrode 1 made of LaNi 5 , the 
internal pressure of the battery at the initial stage of the discharge-charge cycle is as low as 
3.6 kg/cm 2 , however, when it reaches 50 cycles, the discharge capacity drops significantly to 
approximately 1/3 of the initial-stage capacity, and because the overcharge state becomes severe 
the internal pressure of the battery rises to 10 kg/cm 2 or greater. 

And for the battery using the electrode 2, at up to 50 discharge-charge cycles 2.5 kg/cm 
internal pressure of the battery is exhibited, and relatively good characteristics are exhibited at 
the initial stage, however, when it exceeds 100 discharge-charge cycles, there is a tendency of 
rapid rise of the internal pressure of the battery, and at 150 cycles 10 kg/cm 2 or greater internal 
pressure of the battery is exhibited, and like LaNi 5 , a drop of discharge capacity is observed. 

Contrary to this, for the batteries using the electrodes 1-3 of the present invention, even if 
200 discharge-charge cycles were continuously carried out, the drop of discharge capacity was 
relatively small and the internal pressure of the batteries at the last stage of the charging was 
approximately 2.5-6.0 kg/cm 2 . In the electrode 14, which is an example of using an alloy in 
which z is greater than 1 in the aforementioned formula, the cycle life is short and the internal 
pressure of the battery is higher than that of other batteries. Accordingly those alloys where z is 1 
or less are excellent. When z = 0, that is, LaNi 3 Co 2 , etc., the cycle life is long but there is a 
tendency toward a slight rising of the internal pressure of the batteries. Thus metal M has the 
effect of suppressing the rise of the internal pressure of the batteries. Above all, the effect of Al 
in suppressing the rise of the internal pressure of the batteries is greater than other metals. Next 
to Al, the effect of suppressing the rise of the internal pressure of the batteries by Cr, Ta, V, Mg, 
Sn, Mo, Mn, etc. is also relatively large. 

When the number of nickel atom in the alloy is one atom or less, the amount of Co of 
course becomes large, and with the drop of discharge electric potential of the battery, the 
dissolution of some of the Co can be observed. On the other hand when the number of nickel 
atoms in the alloy is 4 atoms or greater, the amount of Co becomes small and close to the 
characteristics of LaNi 5 , thus an excellent sealed alkaline storage battery cannot be obtained. 
Accordingly the optimum value of x is in the range of 1 .5 < x < 4. For the metal M, those metals 
which can reduce the hydrogen equilibrium pressure are preferable. 

In the batteries which use the hydrogen-occluding electrodes of the present invention, the 
oxygen gas generated at the positive electrode reacts electrochemically with the hydrogen gas in 
the negative electrode on the surface of the negative electrode to form water and the process is 
repeated, thus the increase of the internal pressure of the batteries is small. Moreover on the 
surface of the negative electrode, the hydrogen preferentially reacts with oxygen only. And 
durable alloy negative electrodes which are not corroded by oxygen are used. It is preferable to 
control the number of Ni atoms to 1 .5 to 4 atoms and the number of Co atoms to one atom or 
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greater in the alloys. Furthermore M is controlled to one atom or less and for LaNi x CoyM z , 4 < x 
+ y + z < 5 is excellent. Above all, in alloy compositions with x + y + z = 5, especially 
LaNi3Coi. 7 Alo3, LaNi^Co^oAloj etc., are excellent. Among LaNi x Coy alloys, LaNi 3 Co2 exhibits 
relatively excellent characteristics. 

By reducing the number of Ni atoms in the alloys for improving the hydrogen-occluding 
property and by increasing the number of Co atoms in the alloys the cycle life of the batteries can 
be improved, and the rising of the internal pressure of the batteries can be suppressed, and 
furthermore the durability of the batteries can be improved by the use of the metal M, thereby the 
overall performance of the batteries can be improved remarkably. 

Effect of the invention 

As mentioned above, according to the present invention, reliable sealed alkaline storage 
batteries with an excellent charge-discharge cycle and minimal rise of the internal pressure of the 
batteries can be obtained. 



